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ABSTRACT

Concerning the use of a large four-engine Jet airplane, Boeing 367-80
(707 prototype) as an in-flight dynemic simulator for the simulation

of other large transport type airplanes operating in the subsonic region,
including the approach and landing phases of flight.
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INTRODUCTION

During 1965, the Airplane Division of The Boeing Company undertook a program,
utilizing the Boeing 367-80 airplane (707 prototype), which would provide in-
flight dynamic simulation of large airplanes in their landing configurations.
The bulk of the work was carried out under two separate NASA contracts. The
first contract, NAS 1-4096, was for the simulation of large supersonic trans-
port-type airplanes and the flight test program was conducted at the NASA
langley facility at langley AFB, Virginia.

A description of the simulation system as used for the langley program can
be found in Boeing Document D6-19856, "367-80 Airplane Variable Stability
Simlation System (NASA Langley Supersonic Transport Simulation Program)"
(Ref. A), and the results of the program are detailed in Boeing Document
D6-10T43, "Simulation of Three Supersonic Transport Configurations with the
Boeing 367-80 In-Flight Dynamic Simulation Airplane" (Ref. B).

The second contract, NAS 2-3224, was for the simulation of a very large sub-

sonic transport-type airplane and the flight test work was performed at the
NASA Ames Research Center at Moffett Field, California.

: The objectives of this program were:

a. To establish requirements for satisfactory roll control characteristics
. of large, heavy airplanes in the landing approach.

b. To establish requirements for satisfactory and minimum acceptable longi-
tudinal dynamic stability and control characteristics of large, heavy

airplanes in the landing approach.

The subject document describes the simulation systems as used for the NASA
Ames program and includes descriptions of the technique, hardware, operational
Procedures and the various configurations simulated.

The results of the NASA Ames Program are described in Boeing Document D6-15000
"levge Tremspert lendiag Chapacteristica as Simulsted in Pligit end en the
Grewmd" (feforenss C). .
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1.0 3SUMMARY
1.1 BACKGROUND

The Boeing 367-80 airplane (707 prototype) was successfully modified to per=-
form as an in-flight dynamic simlator for the simulation of very large
transport airplanes in the approach and landing phases of flight.

Thirty five hours of flight time were completed while simulating a large
transport airplane, referred to as the Ames Large Transport (A.L.T.) and
various variations from this basic configuration.

When the test airplane was in the simulation mode, it was flown from the
right hand seat by the "Evaluation Pilot."

The airplane performance was continuously monitored by the "Safety Pilot"
in the left hand seat, who could take command at any time and revert to
the normal 367-80 control systems by disengaging the simulation.

The Safety Pilot could also override the Evaluation Pilot's inputs with his
own controls without disengaging the system.

l.2 CONFIGURATIONS TESTED

The basic configuration similated was based on control and stability
derivatives supplied by NASA Ames that were typical of a very large four-
engine, subsonic Jet transport airplane. The basic derivatives of this
airplane, referred to as the Ames large Transport (A.L.T. ), are given in
Appendix A, Sheet A30.

In 23dition, = number of variations were simulated which consisted of
modified lateral directional and longitudinal axis characteristics.

The parameters modified were:

a. lateral-Directional Axis

Maximum Wheel Angle

Maximum Wheel Rate

Maximum Rolling Acceleration
Maximum Steady State Roll Rate
Roll Time Constant

b. Longitudinal Axis

Short Period Frequency

Short Period Damping

Elevator to Columm Gearing

Elevator Control Power

Change of Lift Coefficient Due to Elevator

SHEET 8
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1.3

AIRCRAFT MODIFICATIONS

The modifications necessary to convert the 367-80 to a variable stability
research airplane consisted of:

Conversion of the airplane to fully povered control surfaces by the
addition of electro-hydraulic actuators. This gave the capability of
moving the control surfaces by either a mechanical input from the
Safety Pilot through the normal airplane control cable systems, or by
an electrical command input when in the simulation mode. In addition,
provision wvas made for modulating the positions of the spoiler panels
and the thrust reverser clamshell doors with electrical commands.

The installation of a general purpose analog computer (Systron-Donner
SD/80) which provided electrical command signals to the airplane control
systems - elevators, ailerons, spoiler panels, rudder, and thrust
reversers - to modify the response characteristics of the basic =80
airplane to conform to those of the A.L.T. configuration being simu-
lated.

The installation of a special set of Evaluation Pilot's controls for

the right hand seat poseition. These controls consisted of an instru-
mented column and wheel, a fake throttle lever and transducers on the
existing rudder pedals, and provided electrical signals proportional

40 the Evaluation Pilot's comtrol inputs. Electrical pitch and roll

trim controls were also added.

T™e installation of special sensors and wiring for the measurement of
such parameters as angle-of-attack, sideslip angle, pitch, roll and
yav rates, roll angle and airspeed. A 17-foot streamlined boom was
added ©o the mose of the airplanc tc carry the 9‘,@ vane sensor. (See

Fig. 1.)

The installation of a rack of special test equipment, referred to as
the interface, vhich provided:

a. Input and output connections to the computer.

b. Isolation and demodulation, vhere necessary, for the signals from
the various airplane sensors and proper scaling and biasing of the
incoming and outgoing signals.

c. Electronic control for the electro-hydraulic servo systems.

d. Logic ecircuitry for the mode selection control alloving the simu-
lation mode to be selected from either the cockpit or the interface
station. This function also included error detection and display
circuitry and provisions for automatic disengagement in the event
of a malfunction.

AL

4870 G
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1.k TECHNIQUE OF SIMULATION

The technique adopted for the simulation system was essentially an open
loop, low-gain compensation technique in which the response of the air-
plane to any disturbance was modified by modulating the airplane control
surface vith electrical commands from the analog cowputer. Figure 15
shows a very simplified block diagram of the system.

The magnitudes of the electrical commands were obtained from the precal-
culated differences between the response of the basic 367-80 airplane
and the response of the simulated A.L.T. to the same disturbance. They
were based on the known stability and control derivatives of the 367-8C
and the predicted derivatives of the simulated A.L.T.

The accuracy of the simulation depended primarily upon the accuracy with
vhich the control and stability derivatives of the basic 367-80 were
known. For this reason, the initial calculations for the gains used

in the analog computer were followed up with flight tests for the pur-
pose of "fine tuning" the simulation system to compensate for any dis-
crepancy between the published values of the airplane derivatives and
the true values under dynamic conditions.

This technique, unlike a high gain, closed loop feedback, or model fol-
lowing method, is not self-correcting and consequently has limitations
regarding gross weight, c.g. location, etc., changes of wvhich tend to
affect the validity of the simulation.

Despite these drawbacks, the technique adopted was considered preferable
to the model following method because of the high probability of struc-
tural bending modes coupiing wiih & Bodsl syste=.

1.5 FACTORS AFFECTING THE ACCURACY OF THE SIMULATION

1.5.1 Linearization of the Equations of Motion

Because the computation system wvas based on linearized equations of
motion for a rigid airframe, the validity of the simulation decreased
as the airplane departed from the established trim condition. For
this reason the following limits were established to keep the simula-
tion within the desired accuracy:

Airlp.‘d--.-...............tlonotlfrﬂtrilspeod
Bank ANgle « « ¢ ¢« ¢ ¢ ¢ ¢ s o 6 s 0o o o o o o £ 20 degrees
Sidul:lpAnglo................thdcgrou
wmtorooooo.-ooooooooooo*.G

Al
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1.5.2 Knovledge of the Basic '367-80 Characteristics

The sccuracy with which the basic 367-80 airplane could be simulated had
a major effect on the overall simulation accuracy.

This factor became increasingly important i{f the airplane being simulated
vas radically different from the 367-80.

1.5.3 Accuracy of the Signals from Aircraft Sensors

The accuracy of the signals from the various aerodynemic sensors, i.e.,
angle-of-attack, sideslip angle, roll, yav and pitch rates, roll angle and
airspeed, wvas important since these signals fed directly into the computer
to form the commands to the control surfaces.

1.5.4 Response Characteristics of the Control Surfaces

A further factor affecting tbe accuracy of the simulation was the response
characteristics of the control surfaces. This included the frequency

response of the servo systems plus any non-linearities in the linkage and
effects due to airloads.

1.5.5 Variations in Gross Weiﬂ:t and C.G. Location

Because the simulation was based on calculations assuming & 367-80 airplane
of fixed gross veight and c.g. location any change in these two factors, due
perhaps to fuel distribution before flight and consumption during flight,
caused a deteriorstion in the simulation.

1.5.6 Atmospheric Conditions

The above parsgraphs refer to factors wvhich were more or less under the
control of the test engineer.

The 367-80 aerodynamic derivatives could be improved by means of increased

flight time and increased knovledge of the basic -80 airplane characteristics. ;

The signals from the aircraft sensors could be imoroved with careful call-
bration and compensation.

The discrepancies caused by using linear equations of motion could be cal-
culated and limits set on the simulation to keep the accuracy within
reasonable bounds Similarly, the effects of change in gross weight and
c.g8 location could be calculated and alloved for.

Hovever, the one factor wvhich was out of the coutrol of the test engineer
was atmospheric turbulence. The major part of the problem with turbulence
vas caused by the production of erroneocus angle-of-attack and sideslip
angle readings due to local gusts at the a(ﬁ vane. These signals vere
immediately fed into the computer resulting in commands to the comtrol
surfaces vhich caused erronsous motions of the airplane. For this reason
the flight testing was restricted to conditions of zero to light turbulence.

=
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A367-80 AIRPLANE

GeENERAL VIEW OF
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2.0 DESCRIPTION AND OPERATION OF SIMULATION SYSTEM

2.1 BASIC THECRY

The 367-80 in-flight variable stability system provides a five degree-of -
freedom simulation of large Jjet aircraft operating at subsonic speeds.

The technique adopted (called response feedback) is to modulate the control
surfaces of the 367-80 aircraft in such a manner as to cause the aircraft
to behave in the manner predicted for the particular configuration being
simulated.

The correct roll, yaw and pitch motions of the aircraft are produced by
modulating the lateral controls, rudder and elevator, respectively. The
correct 1ift and normal acceleration characteristics are obtained by modu-
lating the wing-mounted spoiler panels, and the correct drag by modulating
the engine thrust reversers. There is no simulation of side force, but
studies have shown that the errors introduced by this omission are small
enough to be neglected.

The controls are moved by electrical commands to the appropriate actuators
or servos. The cosmmands are produced by a Systron-Donner SD/ 80 general
purpose analog computer which forms the heart of the simulation system.

A brief step-by-step description and example of how these commands are
generated follows:

a. The calculations are all based on the linearized equations of motion
for a rigid airframe (see Appendix A), e.g., the pitch axis equation

is:
Iw@ = ‘)('035 (Cma’éa\ *Cmat %+ Cm‘q - @
v c’"ée'se * C'"s.s’ bap + Cumyy - AT + Cmpy V)

b. The equations are used to mechanize a linearized simulation of the
367-80 airplane on the SD/80 computer; and as a basis for deriving
the equations giving the summation of forces along, and the moments
about, the X, Y, and Z axes. The equation for the linear acceleration
experienced by the aircraft in the Z direction, for example, is:

Z = 380 - %o AT - g (co50,,Cos B, -1)

=2 BT Cipna BV ~ §2 Cror +Cug,, " bab)

c. Now, if the 367-80 airplane is to simulate the behavior of a large
transport airplane, then the linear and angular accelerations that it
experiences for any given conditions must be identical to those that
would be experienced by this airplans under the esame conditions.

AL 487717,

SHEET 32




- BOFING . ... ....

NUMBER
REV LIR

D6-19860

2.1l.c

BASIC THEORY (Continued)

Thus, the equations derived in Step b. can be written down twice; once,
using the known stability and control derivatives of the 367-80 (designated
by the suffix -80) and; secondly, using the predicted derivatives of the
A.L.T. configuration being simulated (designated by the suffix A.L.T.).

Then, using the identities,

xA.L.T.

these expressions can be equated, e.g , equating the pitch accelerations:

From the example given it can be seen that these expressions contain a
mixture of control derivative and stability derivative terms. The aero-

[(c"scb' 5“") -80

(CMAT ) AT). GO+ (C"'a A Bo Ao
+(C"'-'-)—scé( + (CMQ)_ee. Q

+(C"'Av)_,o' &+ (C'"Be ) 52)-30

-y

L

dynsmic variables in the stability terms (Ax ,Q A6 AV,

are separate and distinct.

e;"a‘r' AD"L';.(C,,)"-A_.(X !
:.(C"ci)a Sl +(C"o)an
+(C..‘v)‘;9_\./+(C,.$-é:)lw

etc., shown outside
the brackets) are fdentical for both the -80 and the A.L.T. sides of the
equation. The control variables (6e de etc., shown inside the brackets)

)e

= Wa.LTi

—
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2.1 BASIC THEORY (Continued)

d These expressions can nov be solved for the control variable appropriate
to the axis being considered. Thus, for the example given above, the
correct pitch acceleration is maintained by modulating the 367-80
elevator, so the equation can be revritten as follovs:

- K(nglu.r; s + X (Grar-8T)acr _ (Cmpr -AT)-s0
8’-80 (Cm &)-ao € (Cmse)_” (C'"Sv)-ao

_ (CMS&‘)-ao_._ KCno)aor - (Cmoz)-w LAOC
(c"'& )-e0 (G"S e )-ao

) 2.e7(Cmz)-80. ¢ K(Cmde.u."(chg)-ao,q
T lomg,)._,, T Crse)-no

Zf S

K (C@.LT.- (Cmgy_):gc_: AV where K = ( A.LT

+ . ’ —%—‘
(c"&)-ao (%wc

-80

This equation expresses the 367-80 elevator displacement (from trim position)
as a function of simulated A.L.T. elevator input, A.L.T. and -80 thrust
levels, -80 airbrake position, and aerodynamic variables, such that the
367-80 airplane will bebave in pitch like the simulated A.L.T.

Similar expressions can be derived for the 367-80 rudder, wheel, thrust
and airbrake commands.

For the full equations and derivatioms » see Appemdix A.

e. The correct mumerical values for the derivatives can nov be inserted
into these expressions, resulting in a set of equations which, when
properly scaled, can be mechanized on the SD/80 computer using only
emplifiers and potentiocmeters. The outputs of these amplifiers are
then used as command signals to the 367-80 control surfaces to produce

Adlhoa woocol coa o ol o

the requirsd simulation.
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2.2

2.2.1

COMPUTER MECHANIZATION (See Appendix A for basic computer diagram)

Patchboards

One patchboard was used for the basic Ames large transport configura-
tion and anocther board, called the "-80 Checkout Board" was used to
obtain in-flight information on the 367-80 control and stability

derivatives.
The A.L.T. simulation board contained the following sections:

367-80 Model

This was a linearized six-degree-of-freedom representation of
the 367-80 airplane in the configuration that was set up for
simulating the A.L.T.

A.L.T. Matrix

The A.L.T. Matrix wvas a network of amplifiers and potentiometers,
derived from the equations described in Section 2.1, which
generated the commands to the 367-80 control surfaces, as a
result of control inputs from the Evaluation Pilot and aerodynamic
feedback from the airplane sensors.

Pulse Circuit

The pulse circuit was initiated with a toggle switch and produced
a pulse of the shape shown below:

MAGNITUDE CAN
8 VARIED
BeTWEEN 2100V

OV

——" / b 2 — / l‘-—
SEcs

The pulse circuit was used as a standard forcing function and
could be applied as an elevator, rudder or vheel command either
in the air or during ground checkout. A separate circuit
produced a step function vhich could dbe applied as a thrust
command .

8ynchronizing Circuits

The synchronizing circuits were all similar and consisted
basically of a chain of amplifiers whose ocutput was integrated
and used as negative feedbeck at the input of the chain.

h g
&

*

-

re alloved to integrate, the effect being to keep the output
the circuit at zero. When the simulation was engaged, the

ths similator was selected but not engaged. the integrators

¥ |

Toany
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integrators were put into the "hold" condition and the outputs
of the circuits became difference values.

Three of the synchronizing circuits were used for converting the
values of angle-of-attack ( & ), airspeed ( V ) and thrust rever-
ser clamshell door position ( Sc.am) to incremental variations
Ad, AV, and §. .y , respectively, about the trim values.

In addition, the A« circuit had provisions for compensating for
the nose boom position, and the Scum. circuit contained a one
second time constant. The fourth synchronizing circuit was rart
of the thrust servo loop and was not an inherent part of the
simulation.

% and & Generating Circuits

Since neither nor /6 was directly available as the cutput
of a sensor these signals were generated in the computer.

C;( was obtained by a pseudo-differentiation of .Aol , and
from & combination of roll angle and yaw rate,(le- 3}‘7 - Q),
[

Control Input Circuits

These circuits provided the ability to apply either the Evaluation
Pilot's command inputs from the instrumented controls, or the
standard pulse from the pulse circuit, to the airplane.

Function Generators

Two dicde function generators vere used to compencate for the
basic 367-80 nonlinear characteristics of pitching moment due

to thrust changes and pitching moment due to air brakes.

Interlock Circuits

The interlock circuits made it impossible to engage the simulation
unless all the cables were correctly installed. In addition, one
of the interlock circuits determined which elevator PCU (left or
right) was to be used as the master (see 2.4.1).

Configuration Selection Circuits

The variations from the basic configuration were achieved by
changing the gains of various inputs to the A.L.T. Matrix. This
was done partly by changing potentiometer settings and partly by
switching in additional amplifiers and potentiometers depending
on the particular variation required.

An external switch box containing four double-pole, double-throw
switches was used for this purpose. The details of the changes
needed for the various variations are given in Appendix B.

Al 487, .
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2.2.2 Interconnectioms Between the SD/80 Computer and Other Equipment

The SD/80 Computer had nine cable connections om the back side.
Tvo of these, J1Ok and J105 vwere for remote mode-selection control
of the computer and connected to the Interface.

The next six, J1 through J6, bad the following functions:

Je -

Jh

J3 -

J5 -

J1 -

J6 -

Provided control command inputs to the -80 model and aero-
dynamic psrameter outputs from the -80 analog model

- Provided aerodynamic and control inputs to the miscellaneous

circuits listed in 2.3.1.6 and also the command outputs from
the A.L.T. Matrix amplifiers to the 80 airplane control
surfaces

Provided connections between the various parameters being
monitored and the in-flight C.E.C. oscillograph.

Provided “simulation engnged.sigm.lc for the synchronizing
circuits and the System Engaged Light.

Provided engaged signal to the synchronizing circuits in
ground checkout operation.

Spare

The ninth connector was for the main a.c. pover supply.

The interconnecting cables could be hooked up in a number of differemt
vays to produce different conditions.

a. -80 Analog simulation ground check.

With

—~] C.E.C.
] RECcoRvER

M nnﬂnnn
T04 3105 31 3T 3B JA IS 36

/60 COMPUTER

only the connection as shown to the recorder,the -80 analog

model could be used by itself and the pulse circuit output plugged
directly into the appropriate command channel Se, Sr , etc.

sHEED 3T
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e.2.2

b.

A.L.T. Analog Simulation Ground Check:

CMECXDHUT
JUMPER.
\_t_ % C-L .(. .
the H LUORDER.
r -

\OAIWS It NI IAIDHT
/B0 COMPUTER

With J1 and Ji connected to J2 by the "Checkout Jumper Cable" the A.L.T.
Matrix was connected to the -80 analog model. In this condition the
combined effect was that of an analog model of the A.L.T. configuration.
It should be noted that if the A.L.T. Matrix gains vere properly cal-
culated then the same A.L.T. could be simulated with any values for the
-80 derivatives. The Pulse Circuit vas used to provide control inputs
to the A.L.T. simulation ¢ , Sr , etc.

In-flight A.L.T. Simulation:

1
)

-1

»
Y

-

CeC.
RECORDER

B
104 310% JU T2 33 34 IS 36

30,/B0 COMPUTER

With J10k, J105, J1, J4, JS and J6 connected to the correct Interface
connections the A.L.T. Matrix vas comnected, through the Interface to
the 367-80 control systems. Now, if the basic 367-80 airplane charac-
teristics vere identical to those mechanized in the -80 analog model
tbhen the airplane would respond, in the air, {n the same manner as
the A.L.T. model did during ground checkout.

-

Interconnections Between Camputer and Other Bquipment (Comtimued)
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2.3 ATRPLANE CONTROL SERVO SYSTEMS

Figures 16 through 20 show block diagrams of the five primary control systems
used in the SST simulation.

2.3.1 Elevator Control System (Figure 16)

The elevator system had two parallel type actuators, right hand and left hand,
in which the feedback linkage moved the Safety Pilot's column. The two
actuators had different authority limits and either could be selected as the
master control and the other automatically slaved to it.

The motion of the Safety Pilot's column was transmitted through a system of
cables and pulleys to provide a mechanical input to the control valve that
controlled the actuator which moved the elevator.

The position transducer on the Evaluation Pilot's column produced an electrical
signal (8 col) that went to the computer. This signal was modified in the computer
to provide the correct gain and summed with any contributions from the thrust
command, air brake command, angle-of-attack, pitch rate, ete., to form an
elevator command (Se ). When the simulation was engaged, this signal was
allowed to operate ei%her the right hand or left hand transfer valve, whichever
had been selected, and the resulting motion of the modulating piston operated
the control valve of the actuator, causing the elevator to move.

2.3.2 Thrust Control System (Fig. 17)

The thrust reverser clamshell doors were moved by actuators, the control valves

of which were supplied with mechanical inputs from the thrust reverser levers.

If the simulation was not engaged the doors could be moved independently by moving
the levers singly. However, as soon as the simuiation was engaged the four levers
were clamped together by an electro-mechanical cluteh and moved as a unit by

the thrust control servo. The transducer on the fake throttle produced an
electrical signal (8TH) which went to the computer. Here it was modified to
provide the correct gain and summed with any contributions from angle-of-attack,
airspeed, air brake command, etc. to produce a thrust command (8 thc). This
signal operated the electro-mechanical servo through the coupler.

2.3.3 Lateral Control System (Figure 18)

Lateral control of the airplane was obtained by differentially operating the
ailerons and spoiler panels.

Moving the Safety Pilot's wheel put a mechanical input through the summing link-
age into the control valve of the lateral control power unit and moved the
actuator. The output of the actuator went to the spoiler mixer where it was
summed with the mechanical output from the speed brake handle. The mechanical
output of the spoiler mixer was conunected to the Hydomat units which drove the
spoiler panels.

SHEET
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2.3.3 Lateral Control System (Figure 18) (Continued)

The transducer on the Evaluation Pilot's wheel produced a signal { Sw) which

went to the SD/80 computer. Here it was modified to provide the correct gain

and summed with any contributions from side-slip angle, yaw rate, roll rate, etc.,
to produce a vheel command ( Sw¢).

In simulation mode this command operated the transfer valve on the lateral
control power unit. Since this power unit was a Parallel-type actuator its
output fed back to move the Safety Pilot's wheel.

2.3.4 Rudder Control System (Fig. 19)

The Safety Pilot's and Evaluation Pilot's rudder pedals were coupled and provided
a mechanical input through the summing linkage to the control valve on the rudder
actuator. The output of the actuator moved the rudder and was also fed back to
the summing linkage. In addition, the position transducer on the Evaluation
Pilot's rudder pedals put out an electrical signal (SR) which went to the SD/80
computer. This signal weas operated upon in the computer to provide the correct
gain, and vas summed together with any contributions from the wheel command,

side slip angle, side slip rate, etc. to form the rudder command (Sr.). If the
simulator was engaged, then this signal was allowed to operate the transfer
valve causing the modulating piston to provide an additional input to the control
valve. The modulating piston transducer provided rate feedback to the rudder
command servo amplifier in the Interface.

2.3.5 Lift Control System (Fig. 20)

Lift control during the simulation was obtained by modulating the spoiler panels
on the upper wing surface. The positions of the spoilers are shown in Fig. 14
where they are numbered for clarity. For the simulations covered in this
document, spoilers 1, 5A, 6A and 10 were not used. The spoilers were operated
by electro-hydraulic Hydowat units. Spoilers #i, 5, € and T each had a separate
Bydomat Unit, but spoilers #8 and 9 were both driven by one unit and so were #2
and 3. Spoilers #2, 3, 8 and 9 are referred to as the outboard spoilers and #,
5, 6 and 7 as the inboard speilers.

The 1ift modulating signals ( Sabe) were produced in the computer. Because of
buffeting at high spoiler angles the inboard spoilers were electrically limited
to + 10 degrees. Up to this point the spoilers all moved together but above

10 degrees the gain on the outboard spoilers was doubled, by a circuit in the
computer, to keep the value of cLéd; constant .

The mechanical input shown in Fig. 20 came from the spoiler mixer (See Fig. 18)
and combined the initial trim setting from the speed brake handle and the
lateral control input from the lateral coatrol power unit,

SHEET 4O
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! ‘ 2.h OPERATING PROCEDURES

2.4.1 Establishing the Basic 367-80 Characteristics

The first step in setting up a simulation was to establish a 367-80 configuration
suitable for the airplane to be simulated. The factors to be considered were:

. The trimmed level flight airspeed of the 367-80 must match that required
for the simulated airplane. This affected the trim thrust and flap setting.

The 367-80 was equipped with a blown flap system using engine bleed air whic‘
could be used to increase the value of C;,. For the configurations de-
scribed in this document it was not necessary to use this feature.

. The entire simulation was flown with the 367-80 engines at constant throttle
settings and thrust and drag changes were achieved by modulating the thrust
reverser positions. This means that the clamshell doors had to be set
initially at some partially closed position which allowed sufficient range
of movement of opening and closing without limiting the simulation.

This initial angle also had to be coordinated with the constant engine
output to achieve the trimmed airspeed mentioned above.

. The changes in lift coefficient during simulation were achieved by modulat-
ing the spoiler penels on the upper wing surface. These therefore had to be

set up at some angle for the trim condition so that they could be modulated
’ in both directions during simulation.

. All simulation was performed with the landing gear down so that the
approach could be continued down to touchdown.

The final configuration adopted for the 367-80 for simulating the basic A.L.T.
was:

367-80 CONFIGURATION AT TRIM

le of Engine Clamshell
Airspeed Attack Settings Doors ps Ppoilers | Gear
f Wing (N2)
117 Knots |8.5° 96% 30° 30° | 6°Up |Dowm

SHEED &K1
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2.4.1 Establishing the Basic 367-80 Characteristics (Continued)

These were the nominal settings. The aircraft was trimmed in level flight by
the Safety Pilot at the desired airspeed and angle-of-attack, by use of the
moveable stabilizer and small throttle adjustments, prior to engagement of the
simulation. Once set, the stabilizer and throttles were not moved during
simulation, as all pitch and thrust changes were mede with the elevators and
thrust reversers.

Flight Testing the Basic 367-80 Configuration

Oace the trim configuration had been tentatively determined, the airplane
was flight tested in order to obtain the following information:

Confirmation and adjustment, if necessary, of the basic trim configuration
(proper stall margin and body landing attitude).

Documentation of the airplane characteristics. This consisted of a series
of maneuvers designed to facilitate the calculation of the airplane stabil-
ity and control derivatives so that an accurate analog model of the 367-80
could be mechanized on a computer.

Recording of airplane responses to standard pulse inputs for coanfirmation
and adjustment of the analog model. These recordings were used in the
"overlay" technique described in Section 2.5.

The standard pulse inputs were performed using the -80 checkout board
described below.

The -80 Checkout Board was a special patchboard used on the Systron Donner
SD/8C Airborae Computer which contained: A six-degree-of-freedom 1inesarized
analog model of the basic 367-80; a special check pulse circuit (see 2.2.1);
and provisions for connecting the Evaluation Pilot's controls through the
SD/80 computer and the Interface to the airplane electro-hydraulic servo
systems. The gains in the computer were selected so that the control deriva-
tives remained identical to those of the basic airplane. Thus, the airplane
characteristics were the same whether it was flown from the left-hand seat
with the normal controls, or from the right-hand seat through the fly-by-
vire gystem.

There was also provision for introducing the standard pulse into the system
to simulate colum, wheel, rudder or thrust commands. It should be noted
that the input to the thrust was actually a step but for simplicity of
writing it will be referred to as a standard pulse.

SHEET 42
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2.4.1 (Continued)

The aircraft checkout, using standard pulses, was as follows: The airplane

was first trimmed in level flight at the correct airspeed and angle-of-attack
by the Safety Pilot from the left-hand seat. When this condition had been
achieved the simulation was engaged and the Evaluation Pilot then retrimmed the
airplane, if necessary, to remove the effect of any engagement transients. Whea
he vas satisfied that the airplane was trimmed, he called for a standard pulse
input from the computer. The input had already been selected to be applied to
the elevator, wheel, rudder or thrust reversers. The pulse was initiated by
operating a toggle switch.

The airplane response to this input was moaitored by recording the following
parameters on a CEC light beam oscillograph.

CHANNEL @ 1 |2 :3 h!5!6 7!8]9 110111213 | 14 l‘)'1
| !

o
*

——

i |
‘ , ].
¢ Avidd|-g -8 da.|dw_|Sr, |Puse Sf_uczsw,,}

H
A i

g
1

VARIABLE (¢ .\, ' P '@ -R

——

A

If the input was an elevator or thrust command, the Evaluation Pilot would keep
the wings level, being very careful not to initiate any longitudinal disttxrbances1
Similarly during wheel and rudder pulses the Evaluation Pilot would maintain
essentially the same pitch attitude without restraining the lateral degrees of
freedom.

This technique enabled "hands-off” data to be obtained without the confusing
cross-coupling effects between the longitudinal and lateral-directional axes.

The resulting airplane motion was allowed to continue sufficiently long to obtain
several cycles of the plwmgoid mode for elevator inputs » or the duteh roll modse
for rudder and wheel inputs, or until the airspeed changed by 10 knots tor the
thrust steps.

The oscillograph records obtained during these tests were used to check the analog
simulation of the basic 367-80.

* Ground Support Programs (Basic 367-80 Only)

As soon as sufficient information had been received on the basic 367-80
control and stability derivatives from the Aerodynamics Group, the gains
were calculated for the analog simulation of the basic airplane and the
model was set up on the -80 checkout board.

The same standard pulse inputs that were applied to the actual airplane
in-flight were applied to the analog model on the ground.

The response of the model was recorded using the same oscillograph to record
the same variables with the same scalings.

SHELT b3
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« Ground Support Programs (Basic 367-80 Only) (Continued)

The accuracy of the simulation and hence the accuracy of the derivatives
used were checked by directly comparing the results.

This wvas done partly by measurement and partly by comparing the various mode
shapes by directly laying the flight test results over the ground test
results.

The measured values were:

0 Phugoid period and damping ratio

o Dutch roll period and damping ratio

0 Roll angle to aide-slip-angle ratio

o Spiral time constant (time to half amplitude).

The other characteristics, which did not lend themselves to direct measure-
ment vere:

0 Longitudinal short-period characteristics '
0 Initial lateral-directional response to a control input
0 Pitching moment due to thrust changes.

These were compared by direct overlay.

By making adjustments to the appropriate gains on the computer simuiation,
the match between the flight and ground tests could be improved and the values
of the basic 367-80 derivatives refined by calculating back from the correc
gain settings. This part of the program was backed up by an additional ground
based computer simulation of the basic airplane as a check on the -80 check-
out board model. It should be noted that this did not confirm the validity
of the model but only served to demonstrate that the simulation, as patched-
up, wvas functioning properly.

2.4.2 Setting Up the A.L.T. Simulation

Once the control and stability derivatives of the basic 367-80 had been reasonably
well established the calculations for the A.L.T. matrix were performed. These
calculations were based on the theory outlined in Section 2.1, and the full
equations are given in Appendix A.
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2.4.2 (Continued)

The calculations for the program covered in this document wvere initially
done by hand using the tabulated forms shown in Appendix A, Pages Al to

A32, etc., but later a digital program was set up on an IBM TO90 computer
to produce this information. The program was written in a Boeing-originated
computer language called BLITZ. (Purther information on this language can
be obuinod)fro- Boeing Document D2-36341~1, "The BLITZ User's Manual."

See Ref. D.

The A.L.T. matrix was then patched up on the A.L.T. patchboard and the
correct gains set in.

Once the A.L.T. patchboard was completed, a ground simulation of the A.L.T.
configuration was produced by connecting the checkout Jjumper cable as shown
in Section 2.2.2.b.

The end result of combining the basic 367-80 analog model with the A.L.T.
mtrix vas to produce a simulation identical to that which would result
from a straight-forwvard simulation using the A.L.T. derivatives alone.

It should be noted here that, as long as the A.L.T. matrix calculations
were correct, the basic -80 derivatives which were used in the calcula-
tions were irrelevant, as far as the ability to produce an analog simula-
tion of the A.L.T. is concerned. In other words, a ground simulation of
the particular A.L.T. could be obtained by using an analog simulatiom of
a Piper Cub, for example, provided the A.L.T. matrix calculations were
based on the Piper Cub derivatives. Naturally this would vastly affect
the results obtained in the air when the real 367-80 characteristics were
substituted for the analog model.

The output of the pulse circuit was then applied to the simulation to pro-
duce the responses of the A.L.T. to standard pulse inputs. The technique
was similar to that described for testing the 367-80 analog model alone

in Section 2.4.1 except that the pulses vere applied at different terminals
since it wvas commands to the A.L.T. elevator and rudder etc., that were
required and not commands to the 367-80 elevator and rudder.

As before, the variables listed in Section 2.4.l1 were recorded on the CEC
Recorder, the results being checked against the results of the digital
program described in the next sectiom.

It wvas desired to have a completely independent means of checking the
accuracy of both the analog simulation of the A.L.T. on the ground and
the flight test results cbtained in the air.

For this reason it was decided to utilize a digital computer to obtain
data on the dynamic response of the basic A.L.T and variations.

AD 4%7. 7,
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2.4.2 (Continued)
The Boeing TL99 digital program was used to support this phase of ths work.

This program was capable of solving simultaneocus non-linear differential
equations and lent itself to the solutiom of the equations of motion of
an airplane. The aquations could be expressed in a block diagram form
that wvas very similar to the computer diagram for an analog simulation
of an airplane.

This block diagram was easily converted into a deck of punched cards for
input to the digital computer.

Disturbing inputs, identical to the standard pulses, were introduced into
the program and the resulting sirplane responses became available as a time
history of the aerodynamic variables whose values were tabulated at half-
second intervals. The program was supplied with the calculated control
and stability derivatives of the proposed A.L.T configurations and the
resulting tabulated data plotted on transparent mylar to the same vertical
and horizontal scales as the outputs of the CEC Recorder. The master plots
could be directly overlaid on the ground and flight recordings from the

CEC Recorder to determine the accuracy of the simulation.

Figures 21 and 22 show prints from two typical master overlays obtained
by this program with the flight data from the CEC Recorder for the same
maneuvers superimposed on the master traces.

The flight tests of the A.L.T. simulation were carried out with the SD/80
computer-to-interface cable connections as shown in Section 2.2.2.c, Page
38. The procedure used for checking the accuracy of the similation wvas
identical to that already described in checking out a standard pulse.

Immediately after each maneuver the in-flight recordings were checked to
determine the accuracy of the simulation by direct measurement of phugoid
and dutch rall periods, damping ratios, etc., and by overlaying the master
traces described in the above section.

In the initial or checkout phase of the flight test program, it was neces-
sary to "fine tune" the simulation to improve its accuracy. This was done
by changing the gains of the A.L.T. matrix and repeating the check pulses
as required to improve the match between the flight and ground test results.

It should be noted that, since the A.L.T. derivatives were fixed, any
changes made to the gains of the A.L.T. matrix during the checkout phase
vere equivalent to changing the basic 367-80 derivatives.

The new 367-80 derivatives were obtained by calculating backwards from
the A.L.T. matrix gains and then cranked into the analog simulation of
the basic 367-80.
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2. h.2 (Contim‘d )

Once the match was judged to be sufficiently good by the test engineer, the
simulation was frozen and the test program proceeded to the documentation and
pilot evaluation phases. From this point, the only changes made on the computer
were those necessary to introduce the variations to the basic configuration
which were to be tested, and the reriodic adjustment of a special potentiometer
which was varied according to the test altitude and outside air temperature to
compensate for the wvariation in engine thrust.

PO —

During the documentation anci evaluation phases, the airvlane was subjected to
the Standard Pulses at the beginning of each flight, and the results were
examined to confirm that the simulation was still valid, before proceeding
with the tests.

2.4.3 Pre-flight Checkout

The pre-flight checkout consisted of a series of ground tests that were performed
as a standard procedure prior to each simulation flight.

Power was applied to the airplane and the system allowed to warm-up for at least |
30 minutes before starting the pre-flight checkout. I

The pre-flight checks were: :
a. Computer voltage and amplifier balance checks.

The computer power supplies were checked for the correct voltage and the
amplifiers checked for balance and adjusted if necessary.

b. Potentiometer Setting Checks.

All the potentiometers that were used in the simulation were checked for the
correct settings by nulling them against the reference potenticmeter.

c. Standard Pulse Checks.

The computer cables were connected for A.L.T. ground checkout (See 2.2.2.b
Page 34) and the standard pulses applied to the elevator, thrust, wheel and
rudder inputs. The resulting traces from the CEC recorder were checked

against the A.L.T. masters to coofirm that the computer was functioning !
properly.

d. Instrumentation Zeros.

At this point the command outputs from the computer were set to zero by
shorting the outputs of the relevant amplifiers to the summing Jjunctioms.
This was done so that the Instrumentation Engineer could record the zero
references.
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2.h.3 (Contimmed)

Simulation Logic Checks.

The logic circuitry was checked to ensure that the Simulation "SELECT,"
"ENGAGE," "RESET" controls, disconnect buttons and error detectors were
working properly.

System Functional ( 'Wiggle Tests").
These tests were to ensure, as far as was possible, that the entire system

was working as programmed. The computer cables were connected for in-flight
simulation (see 2.2.2.c, Page 38). .

To perform the tests, the airplane hydraulics were turned on and hydraulic
power supplied to all the actuators; the spoiler panels set to 6°; and the

clamshell doors set to 30°.

The simulation was then engaged and the

following tests performed:

TEST

NOTE: The wvalues depend
on the A.L‘T. COD-
figuration and so

are not quoted.

CHECK THAT

P V.

Move Evaluation Pilot's
column fully forward
and aft.

Safety Pilot's wheel and -80 elevator move the
correct amount and direction.
Computer elevator command output is correcte.

Move the Evaluation
Pilot's wheel right
and left.

Safety Pilot's wheel and the -80 ailerons and
spoiler panels move the correct amount and
direction.

Computer wheel command output is correct.

i
—

Move the Evaluation
Pilot's rudder pedals
right and left.

The -80 rudder moves the correct amount and
direction.
Computer rudder command output is correct.

Move the Fake Throttle
forward and aft.

Clamshell doors and thrust reverser levers move
the correct amount and direction.
Computer thrust command output is correct.

Move nose boom vane
o, keepiugﬁut o.

-80 elevators and spoilers move correct amount
and direction.
Computer output commands are correct.

Move nose boom vane
tﬁ, keeping Xat O.

-80 rudder and lateral controls move correct
amount and direction.

Computer output commands are correct.

Operate Evaluation
Pilot's longitudinal
trim control.

-80 Elevators move up and down the correct amount.

Unbolt rate gyros aand
move by hand.

(Hydraulics OFFr)

Cowputer signals from gyros are correct polarity.
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2.5 SYSTEM HARDWARE DESCRIPTION

2.5.1 Cabin Controls

Figure 2 shows an overall picture of the airplane cabin. In addition to the
normal airplane controls and instruments, the following are of special interest
in the simulation:

The Evaluation Pilot's control column and wheel were not mechanically connected
to the airplane control systems. Instead, stick and wheel position signals
were obtained from potentiometers and these signals were fed through the
interface to the SD/80 computer.

NOTE: The arms of the wheel were also instrumented with strain gauges, the
outputs of which vere averaged to give a measure of stick force. This signal
wvas available at the computer and could be used as the Evaluation Pilot's
input, but for the simulations covered in this document stick position was
used.

Feel force for the Evaluation Pilot's wheel was supplied by a spring cartridge
mounted on the column directly behind the wheel. The force gradient character-
istics could be changed by changing the cartridge. The stick feel force was
supplied by a hydraulic system which was controlled pneumatically from a
pressurized nitrogen bottle. The control knob for changing the force gradient
and the indicator for showing the stick force in 1b/degree of stick movement
can be seen at (K) in Figure 2 and also in the close-up picture, Figure 3.

The Evaluation Pilot's rudder pedals were connected mechanically to the Safety
Pilot's and consequently move the 367-80 rudder through the normal control
system. Hovever, in addition; a potentiometer provided an electrical signal
proportioned to pedal displacement which was used in the computer to modify
the rudder during simulation.

The following descriptions all refer to the letters on Figure 2:
a. Fake Throttle Lever.

This lever was connected to a potentiometer which put out an electrical
signal to the computer and provided the Evaluation Pilot with the means
to make thrust changes. Figure 3 shows a close-up of the fake throttle
lever and its calibrated scale.

b. Evaluation Pilot's Disconnect Button.

The Evaluation Pilot could disengage the simulation and return control
to the Safety Pilot at any time by operating this button. If disconnect
occurred, the two red blinking warning lights (N) came on and the "RESET"
button on the control panel (Figure 3) had to be operated before the
simulation could be re-engaged (see Section 2.5.1 h.).
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Cabin Controls (Continued)

Evaluation Pilot's Longitudinal Trim Control.

This was a two position, center-off switch which supplied either

t 15 V to the computer, depending upon whether it was held in the
nose-up or nose-down trim position. This voltage was integrated in
the computer and the result applied as an elevator command to trim
the airplane.

Signal Connector.

This connector carried the signals from the strain gages mentioned
above.

Evaluation Pilot's Lateral Trim Control.

Lateral trim in simulation mode was obtained by a potentiometer which
applied a bias voltage to the lateral control command signal. This
signal did not go to the SD/80 computer but was added in the Interface.

Thrust Reverser Positioning Levers.

The standard thrust reverse levers were used to set the clamshell doors

o —— - ——— — _——— o

to their trim positions (approximately 30°). The clamshell door positions.

for the four engines were shown by the four indicators at (M).

Speed Brake Handle.

The normel speed brake positioning control was used to set the spoller
papels to their trim position (6° up). The position of spoiler panei
No. 8 was monitored with a transducer and displayed on an indicator (L)
mounted above the IRIG time display on the glareshield.

Simulation Control Panel.

This panel contained the controls with which the safety pilot selected
the mode of operation. A close-up of this panel can be seen in Figure 4.

The selector buttons marked "YAW RATE," YAW RATE & TCH," 'RUD III,"
"AILERON" refer to various stability augmentation systems available

on the basic 367-80 and are outside the scope of this document. The
selector button marked "NORMAL' refers to a condition whereby the basic
"367-80" could be flown by a "fly-by-wire' system from the right-hand
seat and is also outside the scope of this document, although it
resulted as a direct offshoot of this program. The controls that are
directly concerned with the simulation are:

SIMULATION - when the Safety Pilot pushed this button, the simulation

was selected but not engaged, and a blue light illuminated the left-hand
section marked "SEL." The Safety Pilot selected this condition prior to
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2.5.1.h (Continued)

trimming the airplane. 1In this condition the mode coantrol logic in
the Interface put the SD/80 computer into the 'COMPUTE" mode (it was
previously in "RESET' ) which allowed the synchronizing circuits for Aol
and AV to start operating. The Evaluation Pilot's controls were still
disconnected from the system. When the aircraft was trimmed the Safety
Pilot pushed the "PUSH TO ENGAGE' button.

"PUSH TO ENGAGE" - This control engaged the simulation and activated

the analog gates in the Interface allowing the command outputs from the _
SD/80 computer to be applied to the control surface actuators. i
Simultaneously the Ao and AV synchronizing circuits in the computer :
were put into the "HOLD" condition; the "ON" portion of the "SIMULATION
control button was illuminated with a green light and the "simulation
engaged” light on the computer patchboard was turned on. The simulation
could be disengaged by pulling up on the "PUSH TO ENGAGE' button but

this feature was seldom used.

"RESET" - This control was used to reset the mode selection logic in the
Interface if the simulation had been disengaged as a result of an error
in the system or because the Evaluation Pilot had operated his disconnect
button.

Safety Pilot's Disconnect Button.

By operating this control the Safety Pilot could disengage the simulation
at any time and regain control of the airplane. The simulation mode
changed from "ON" to “SELECTED."

Zvaluation Pilot's Stick Feel Force Control and Indicator.

Described previously.

Spoiler Panel No. 8 Position Indicator.

Described previously.

Thrust Reverser Clamshell Door Position Indicators.

Described previously.

Simulation Disconnected Warning Lights.

These were two large red blinking warning lights that came on if the
simulation was disengaged either by an error in the system or by the
Evaluation Pilot's disconoect button. These lights did not go out until
the Safety Pilot's Disconnect Button was operated.

Simulation Limits Warning Lights.

These five amber warning lights for the rudder » 8poiler, elevator, lateral
control and thrust servo systems indicated vhen the servo amplifier
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2.5.1 o. (Continued)

error signal had been exceeding a predetermined threshold value for
more than half a second. This 4did not result in an automatic discomnect
but indicated that the accuracy of the simulation was in doubt.

P+ Reference Airspeed Setting Indicator.

The airspeed signal to the computer was the difference between the
value obtained from the Pitot-8tatic System and the value set into

the reference airspeed indicator. The latter value was set to the
normal trim speed, by means of the knodb at the lower left corner of
the indicator, to prevent over-loading of the AV synchronizing circuit.

2.5.2 Systron-Donner SD/80 Analog Computer

|
|
\
|
|
|

The Systron-Domner SD/80 computer used on this program was basically a productioni

line desk-top type computer (Figure 5, Page 16 shows the computer as it was

mounted in the airplane). Certain modifications were made at the factory prior

to shipment. These were: i

a. The addition of special shock mounts designed for the vibration environment
in the airplane.

b. The ruggedizing of the amplifier module mounting system.
¢. The potting of the amplifier components on the printed circuit boards.

d. The addition of & heater and fan, controlled by a toggle switch so that !
the computer could be purged with warm air. This provision was added
because of the possibility of moisture condensation in the computer vhen _
the airplane stood outside overnight. ;

e. The addition of warning lights to indicate an overtemperature conditiom.
This provision was added because the computer vas used on the ground at
times when the airplane air-conditioning system was not operating.

f. Modification to the power supplies to enable the computer to be operated
from a 40O cps supply instead of 60 cps. -

The cowputer contained 84 solid state operstiomal amplifiers which were mounted
in pairs on removable modules directly behind the patchboard (see Figure 5,

Page 16).

The modules contained additional components which determined the type of
operation for vhich they could be used; i.e., summing amplifiers, inverting
amplifiers, or integrators.

As used for this program the computer had ik summers, 18 inverters and 22
integrators. In addition, there vere 18 double-pole, double-throw relays
mounted in pairs on 9 of the modules.

SHEt ! 5k
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2.5.2 (Continued)

The computer had two moveable wings on which the controls were mounted. The
\ left-hand wing contained: (Referring to Figure 5)

a. Fifteen diode function generators in removable modules mounted in a
receptacle behind this panel.

b. The overheat warning lights and the heater toggle switch.

c. A voltmeter which could be used either as a direct reading instrument
or as a nullmeter.

d. The address selector switches for monitoring the output of any
particular amplifier or potentiometer on the panel meter.

e. The top six switches were for selecting one of six direct-reading panel
meter scales (* 300V, t 100V, + 30V, £ 10V, t 3V, + 1V) to 2% of full
scale accuracy. The two botton switches selected either t NULL for
measuring any problem voltage with an accuracy of 0.01% of full scale
by comparison with a reference voltage selected by the reference
potentiometer.

f. Four-digit reference potentiometer.

€. Panel containing operating controls and indicators. These are: Four

’ push-button/indicators for selecting HOLD, COMPUTE, RESET and REP-OP
Modes .

. Time scale control (not used in this simulation).

. Slave switch for selecting either local coutrol at the computer or
external control through the Interfeace.

. Power-on switch.
. Indication for oven-power, amplifier overload, ete.

h. Five single-pole, double-throw toggle switches with center-off positionm,
and five potentiometers for gain adjustment.

The right-hand wing contained 120 more potentiometers for gain adjustment.
2.5.3 Interface

The Interface is shown in Figure 6 as it was mounted in the airplane. Some of
the equipment in the interface was concerned with basic 367-80 stability
augmentation systems and is outside the scope of this document. A full descrip-
tion of the Interface can be obtained from Boeing Document D6-19857 “Variable
Stability Interface Installation in 367-80 Airplane.” (Reference E). The equip-
ment associated with the variable stability system 1s, referring to Figure 6:

. a. Section containing the servo amplifiers and associated electronics for
the spoiler panel servos.
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2.5.3 (Continued)

b. Controls for monitoring the outputs of the various amplifiers in the

JESIEON U —

1

Interface, and for selecting the panel meter full scale deflection values .«

c. This panel contains duplicate simulation mode controls, similar to the
controls in the cabla and error-indicating lights.

d. Lateral control servo amplifiers and associated electronics.

e. Elevator servo amplifiers and associated electronics.

f. Rudder and aileron servo amplifiers and associated electronics.
g. Isolation networks, demodulation, etec.

h. This section contains the mode control logic digital circuits.
i. TIsolation networks.

J. Power distribution and control circuits.

2.5.4 Airplane Sensors

The following sensors were used to provide aerodynamic data to the computer.

3

Angle-of-Attack and Sideslip Sensor (xjVane)

Figure 7 shows the o vane as it was mounted on the nose boom. This vane
was specislly designed by Giannini to have a very good low frequency response
characteristic and a natural frequency of about 23 cps. The vane was
supported on two gimballs whose angles were monitored by low friction poten-
tiometers. The tip of the beam was bent down so that high angles of attack,
up to 30° could be accommodated without reaching the mechanical limit of the
vane.

Rate Gzzos

Pitch, roll and yaw rate information was obtained from two rate gyro
packages mounted in the lower 41 section of the airplane. The roll-rate
gyro was the smaller package on the right in Figure 8. The larger package
was a 3-axis gyro which was used for pitch and yaw rates.

Vertical Gyro

Not shown on Figure 8 but directly below the rate gyros was a vertical gyro
which provided roll angle information.

Airspeed Sensor

The airspeed sigonal was ovteined from the pilot's pitot static system, the

output of which fed the airspeed synchro.

[
i

i
v
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2.5.4 (Continued)

The final output of the airspeed system that went to the computer wvas a
voltage that indicated the incremental differenee of the airspeed above
or below the value set on the pilot's reference airspeed instrument.

2.6 AMES LARGE TRANSPORT BASIC CONFIGURATION AND VARIATIONS SIMULATED

A basie assummption of the simulation was that no cross-eoupling existed between
the lateral-directional and longitudinal axes and that it was possible to vary

the lateral and longitudinal ebaracteristics of the simulated airplane indepen-
dently.

The various configurations, lateral and longitudinal, were given configuration
numbers for identification purposes. These configuration numbers and the
significant changes from the basic configuration are listed in the following
tables. In each case, the first configuration listed is the basic and corres-
ponds to the full set of derivatives for the Ames Large Transport given in the
description sheet in Appendix A, Sheet A30. The modification to the computer
diagram required to achieve the variations and the corresponding calculations
and BLITZ Program outputs are given in Appendix B.

Table T Lateral-Directional Configurations

DEPENDENT
REQIRED INDEPENDENT CHARACTERISTICS CHARACTERISTICS
CONFIG.|MAX. WHEEL| MAX. WHEEL | WHEEL ROLL TIME CORST.[[Max. Steady|Max. Roll
NO. |AKGIE (&, | RATE (S, | SENSITIVITY - [C) lState Roll |Acceler.
B&K. ) Zax.) ¢, P Rate (P _max) (@ max)
( DEGREES ) | ( DEG. /SEC.) *w (SEC.)| RAD. /SEC 5
/RAD. DEG./SEC. |DEG./SEC.
1209
BASIC 75 375 .0973 1.14 | -.2ul2 26.2% 14 .3
1203A 30 150 1457 1.1k | -.2Lk2 26.2% 1k .3%
1207A 30 150 .0912 1.14 | -.2442 9.75 8.6
1235 50 250 .0915 .6 -.510 8.6 1k . 3%
1237 50 66 .0915 1.1h | -.2L42 16.0 1L, 3%

#*These values were limited by basic 367-80 characteristics.

6/
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Table ITI Longitudinal Configurations
Required Characteristics Corresponding
Derivatives
Config. Short Period Lift Elevator
No. Coeff. to Elevator
Damping | Fre-~ Due to Column Power
Ratio |quency | Elevator | Gearing
g n Cog, St/sc“ Cmg, Cmy | Cmq
(Bi:?c) T .93 +.40 1.5 -1.56 -2.0 -2.h
101A <11 .93 +.40 1.5 2.3 . -2.0 2.4
105% T | .93 +.40 4.5 | -1.56 | -2.0 | -2.h
105A .71 .93 +.40 3.0 2.3 -2.0 -2.4
151 .71 .93 -.40 1.5 -1.56 -2.0 2.4
151B -T1 «93 -.40 1.5 -2.3 -2.0 2.4
151C .T1 .93 .00 1.5 2.3 2.0 2.4
151D .71 .93 -.4o 3.0 -2.3 -2.0 | 2.4
158 .71 i.20 +.40 3.0 -1.56 - 0 -L.8
158A .71 1.28 +.40 3.0 2.3 4.0 -4.8
159 .87 1.08 +.4O 1.5 -1.56 =2.0 -4.8
159A .87 1.08 +.40 1.5 «2.3 -2.0 4.8
1598 .87 1.08 +.40 3.0 -2.3 -2.0 -4.8
161 .96 .67 +.40 3.0 -1.56 0.5 2.4
161B .96 .67 +.40 3.0 -2.3 -0.5 2.4

AU 4%7.
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3.0 PROBLEM AREAS l

A certain number of problems vere encountered in the program that are inherent
to this type of simulation. They are briefly summmarized below.

3.1 Derivatives

Because the simulation depended upon the calculated differences between the
367-80 derivatives and the simulated A.L.T. derivatives, it was more difficult
to simulate airplanes that were radically different from the 367-80. This was

particularly true of the variations which had a low value of Cu‘

3.2 Linearized Equations

The simulation was based on linearized equations of motion and consequently
any variables that were actually non-linear over the range of the simulation
affected the accuracy of the simulation. This situation could be improved |
by using function generations for the most non-ninear variables provided, of ;
course, that the functions could be accurately defined. In the simulation, '
function generators were used to compensate for the 367-80 pitching moments

due to thrust and spoilers, which are both non-linear.

3.3 True Trim Condition |

Since the simulation was based on perturbation equations and the variables

vere all incremental values about a trim condition it was extremely important
that the trim condition be established as accurately as possible. Any variation
from the true trim condition before the simulation was engaged affected the
subsequent airplane behavior.

3.4 Turbulence

The effect of turbulence on the accuracy of the simulation was very marked.
This was because the output of the o(ﬁ vane fed directly into the computer
and any output which was the result of a gust rather than a true changs in
the angle-of-attack of the wing produced an errcnecus elevator command and
affected the behavior of the airplane. To maintain the required confidence
level in the results the flight testing wvas limited to conditions of zero
to light turbulence.
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THE FOLLOWIRG SCME FACTORS WILL BE DSED:
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—8P = j[ o3b (—Q&) 58 ﬁi(ﬂﬁl)(lo&) %{50&4&.}
+ -ﬁm— (_{:.)( I0R) + I ( Clp (—SP)] dt

TloR = - [ [ (~2cup)(-57) + B (‘°C~s.,)(bwc)*3%(-c.;(-\o&)
+ % ( ?_C,,p) (58)+ 1%&- (- C,,é)(- 108)+ gi—t(-cn,)(- Io@]d’r

sb = [ (¢, )(58)+ 4% (o, )(-57) ¢ (5- £ )R
+ 3;2_3%— (—5.0@»)(‘5,)4- PTS'%"- (%“)(-IOSJ—% —Z¢)]

— 2% = -af(se)adt

- 58 = - [(sb)at
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~SE =+ 4l (Lige) (m2550) + B0 (a5 + B0ESC, Yobw)
o oo i )(5899) [w»(—%) - ])
/ (3 30 43 o 0 )
LV (o) 105, + 5F (55)]
- [ e+ 42 Cac)(55)
+ gﬁ% (718 M3 Cpyy )(2by) + B (-4Cmg,, Yo%)
+ 32 Goge) (nanbe) + H2E-C2Cma) (%)

+ 55 (e )(Q)] dt

-5& = -[s (@) + (-5 )J
S0 = — f (—5sk) dt
5% = — [(—5?'5) dt
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The above equations are walten 1n the bedy area. Tn
order Yo comverRY Yo Stablity axes and als0 to welode
the effect of the cross-preduck of mernicl 143, the
follousng changes were made w both the -BO and the
ALT calculatrions:

a)The moments of werhia T, Ty, 14,1, were

convervred from body avxes o stabddy aves

Ties Tov, Ui, Iog usimg the equations:

T = T, cosTo + Tog smPox — 2T, 5 amoccosw
, -

I“ = Iw

Tag = Tpeonta + T aimte +2T 5 s cosw

T (T, -Iu) smucose + T . (coshe - aintu)

£) The effeet of the cross-product of inechia
was ncluded by:

r 1
() Replaemg I, by I, — e

b,
and I3 by Tye— 1;::
0 Replacing ('_!5 bq Cyp + %’:"C—n’
Cyp by Gy +I’ HE-Cop
etc...

and  Cay by Coy + 320y,

C‘? bQ (—np+ I“ CQD

ete...
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%o = .5?/0"'

- = 46.4

S 464 x 82 = 130,894

o3k = (130,894)* 120.8 = 1112 % 10®
% 2= 130,894 3 10.\ = 2.631 » 10°

_ ns10®
= 1x1s100 C 666
B;YY =115« \0"

o3 - Varri0® _
%n T A :\0“ 3.6\9

<
Q
(1]

915 FT/SEC

o 29 O\ ¢ 10° .
= 4660 + 1I81% = 920.%5 ¢ 10

- a8 = -5
N - an0aBr 0% A6 10

P
1]

3
<<
()

Yoo . 18194 x 8%
MVoT  466053%.01x10%- 850741077

To _ _18,1%a

. © wpan.ed - V21692:107

p = .o0TXIT
95 T L00AYTT x LU = 6710%

S
- %‘%’ = .00V\A3D

pNo - 610D xS

“am - 1 * 4660 = .1aU

Nt _ 60 a0

e = e 18.006
AT

.{"_ = m 1630

2y - 4 . soies

V,i' 3.0 10~

o= wine,TRIM
o [N DEGREES
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® 36T-80 ANRLOG
N TER ARINELE CALCLULATED FROW
NO. | SETTWG
SVs
AL | 0104 |+828%, | vz (—L“"'_
Ml 4> | o8 | +3by, |+ W0 (1)
;%J 44 | 0515 | -10%g | - ST, Gﬂi&
.
Z a5 | 1200 | +ohoc| s, gNey (Te)
+ — [STeNe
a6 461> BN |+ me(ﬁ (m!o"_) o = Symim,wime '™ O
a1 | 0531 | -3, |+ HB
No
o %8| O | e ac m(e—_)
g é 49 | 093 | +9hoc| + Lh(#é-‘-’;-)
o _ _ Ap SVt
@ 7 *° ° \Obab C%ub(usnm)
o\ 24 + 58 [+ 51
AN Ar A Y =oa - /l‘s?'\
“Vv Q200 RANAY' - Diojk.mnk-k“—)
3| 05 | 450 | -2Cme ( " )
e B = Wene [+ U ( )
T _ "
34 | om0 + 1084, =4 Cmg,, ( )
52 96 | AT [+5W8e [~ LCm (" )
ST 0634 | +50 |[-2Cpp (")
L LB B | +Q |-CGeg Y )
22 =9 | s | +Q SCALE FACTOR

LV
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° 6T-B0 ANRLOG
O TR ARANLE CALCLLATED FROM
NO. [SETTING
I
W a1 | -se 32, h)
= 23| .0%44 | +\0b, +5(c,s+—.'£c..s,)( i
é;ﬂ 24 | 2005 | +bo |+ S(Cres T Cag) " )
“1 75 | 2545 | 4R (+5(GrHE Co)( " )
%6 | 8000 | -SP (= (Cy+PRC)( )
T Sb
11| 1000 | =P -2 (o **c 2
( P )( - .%ﬁ_
" 28| 0341 | +by, [+10 (L% 1:“ Cy ) )
;:fl © | a2 | -ebe |- e PRGN )
P 72| 20 | 07000 | +98 [+2(Cag e HEC( )
M| 200 | -0 | - @y rEEC)( ")
T | L4000 | -WOR | —({Cag RGO " )
M| +9b |- Cyg e
R Bl e A Cyp 20
2G| 505 | Y10R [+ 5C B¥us
gé . S" -5 SV,
2 3| 00 ¢ G o
g Ve
S| 3T | 0W0 | -10by [+5C
3B | 406 | -2 |+1S =
= 1
Sl © | .4000%| +.5P | SCALE FACTOR

SHEET A9

!




D6-198K0

SIMLULATING:

AMES LARGE TRANSPORT ?)67"60
WEIGHT : \%0 D00 LS. DLPENDENT
C.G.LOCATION:  30E VARVRBLES
ALT\TUDE : SEA LEVEL Graw = 464

-
= Tp =157 «W0° SL0G FT QramS = 120,894
zZ ]
B % Ty = 225 *10° 910G FTT | TRROST = 1B)94 RS
g;é 1, =403 Q¢ SLLUG FT? MASS = 4660 SLUGS
o]
sz Ta = 16 ¢10°  SWOG FT* | cL_, = 1146
Z FLAP SETTWNG= 30°
L O BLOWING PRESSURE RATIY = 1.0
SE SPEED BRAKE SETING : &
22 GEAR: DOWN
“a
J
Z S :728721 FT? MODE SHAPLS
- = _ Wy =A% RAY/BLC
L-EJ C= 720\ FT P%\\Q?gg %)%: \.%1; RNY/BEC
g b= 1308 PT Wy = .1 RAD/AEC
PHLGO\D Jn s 157 RADASLL
z .0906
SPEED = ITKTS (1B F/AR) e BT
2 Ctrmim,pooy® 65° WTCH Wor T R/
° = 0O\
E m-rm“'w‘ws 5.5 QQ\.\_ L’l = \.584
18]
& ROLL T.C. | =104 SEC
SRAL [T.C. =T SiC
DWERG. | D.A. = -081 SEC
CAL | REVISED | DATE | _——. i s !
o U OUARWBLE STABWATY L
wro | [T 7 ARPUANE DESCRIPTAON |
areD — | T THE BOEING COMPANY st
5 RENTON, WASH. | Al0

TD 1456-R3

#-10 -
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REV LTR

8o\

£ qp + BT x DOt

;vﬁsa\,“; B¥ oo+ &y, 8:&5 + %QL,Q' Q

EL-!— E)e& xS 4 %eth

F %w + %"’8&' e 4 S"'S\} Sr

+Srswlsw 48,sgxgg+ (b,&f%.,‘

2% ; %r ;%w;‘b.\,; Dee; B
dc ; OR ; w;

P.Q;R; B,

Bl go s By

| DN

A.L.T MATRIX
EQUATIONS
r’r
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AMES LARGE TRAWSPORT

7
Tix = Ty costx + T sint o - 7‘1)(% S10 QL COSOL

s

Tex * 115x10° 99m8 + (a5:00(00271) = T (9510 X0&10L) = + 14N #\0|

’
I = 132 cos?a  + 1, swa + T 1, s\not coSe

Lz = (45%10°)0978) +(15 210"} 00221 ) + L(2%10") 0aT06) = 45.018344]

1s = (1.“"1;;) swo coset  + L, (costoe - amt )

Tz = (115510% 45 2109(.04106) + (25 10°)(23T18 -.00122) = ~24BA *10°

T | -a88as0”
Tee  a%5.01esaioe - ~-00773

Y4
Ia _ -.3amaxw®

i =+ naTssee = 01934

-3
OC, = XTRIM oD = 2.1

9,5¢ _ 46.4 3500 £ 2815
VIYY 30 x 0%

= .1446

—————
———

oSb 4h 4 5500 x 1S _
% L pansa-[Caeeand) )T 3.1405

I, - ;—’:’ ' L %083 210v)

ze

2,9b | =asLBr”

II’) " T 45018 s\o"_?mu.uo"' a = 1.2186
22 Ty .ATIS 10
S 46.4 x 5500
9 - . .
_%F - \S S8 16.435

AL, 4B, “.
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, Xp *Xymu, mooy * 65
Iix = Tux 003t 4+ Tau st = T g Mot cosk
/
Ixx = (7..51*\(:’”)(.951:5)» (413 016" Y ore) -2 (-1ex108) n32)(.99251) = 250iTs10%
Ty2 = Tae cos®or  + T,y sin*ol  + TLLyg sINOLCOSS
Izz =(amaf)omns) «as1109ons) (omesnc?): 41283 5 10°
I‘; : (1“1' lll) smoecosoe v Lo (ws"ot.— 5|N1'0L>
/
N I,z sflesa. m"-@nsuo‘l.u'w! +(16210%) (a8 -018) = — 0BT104 210"
Z Tkz - -.wm:m“_ 'I'xg _ -.0®104 210"
-
; %!Sé 46.4 x 1821 ¥ 20.\
— 1 - Tasaee - 169
aQ 905b 4b4 « 282 51200
© =), Ty - - ) = 6.688
o Ixg" 25611x 10" 08104210 1]
\ w T - fomete
- iz
3
A P
° :46417.37" ¥ 130.8 = 3 6\5
I"l '_'_é;‘_ A5383 0108 hi-z-r_‘:-;;’e’?] :
- = 210
T I,
0S - 46.4x182 <
o> - 26322280 . g peo
. %’SL ]
3 g 5 v -
ALT. - 17
— K = XX = .7.4*6 =.1°5?_ o - IIQ‘JAL“: 21405 - 4&6
= ML o QE L1692 RO QL ] 6.688 ~°
3 [ P fa b
Tey J- Lo~ &
vy 4-80 2% T""“ 4-80
2 Sh 1
2 3] o
ys] K = m -‘.\--T-z 16.4%% . Sb‘.) Z K - W I;LJ AL:_‘ 11186 - 337
rﬂ LT g ] 28.082° * iy AW b 1  3e5
- oORAGr :—,-. . 7 I—%’-—, Tra*
I J 8o 1L F— 1‘! J-8c
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-

EYAMPLE. :
L

PITCH EQUATIONS
MATRIX GAIN CALCOLATIONS

K (C"‘OL‘)A.L.T.- C"‘“-w
——

Senpe =

20 ((207)-(-110) _ -.4330+1.10 _ +.66T _
- S5 - -o15 ~ -81%

-.684\

K (C"'&)A.L.T.- C.""‘é'!--eo

(be;x _ Qm&-” = -.1999
K(Cngyix™ Cma-so
Se _ . = =16
Q '“'iae-a-eo
_ K(ST.'ﬁ‘ CMAV)A.L; C»mm_” - 012K -
AV C"‘%e-oo o
K (Cwm
%e ‘cl)».\'\' = +.2334.6
o C‘se-w

CONT'D.
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PITCH EQUATIONS
(CONT'D)
Be. = FONCTION (See Page AB)
al.g0
5«’.&;,: FUNCTION (See Page A2D)
(2
) De: + 9 + %
%m + ‘Qa. ‘Qq *!m
e, = —.6BA41  Ax— 192D &- 216 Q- ..042B N
> bege * Pewy  * :o:sak.,
+ 334b B¢ * function AT o ¥ funchien Bob

SHEET AlS
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DRAGC AXIS

NUMBER D6-19860

e SVMVEINES -onranv REV LIR

M.so _ _ 4GGO
My x. 3,518

oS ]
(’2— Vo c"-rnm).w— QL k]%_ Corem * %‘S Co 5");.\..1’:\“ :.:.1.

= 300

A6 A+2821 %4 \6.A %5500 -
A_%v (?_ - ;\39) =S x50+ 0O )ui -164.6%
Mg = mte() - = ».
o\ A ""A AT \ %SCD“)A.\.:(.‘ 300
Coal

Aﬁlaosab== %ossgszr = 00

AT s0 * av & m‘mf.& AT, o+ b;“s.* ab +AT_S° x AoC

KU, = -lea6d NN + 300 KT _+ 0. . Dab, -\%%Nx

SHEE" A16
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-

LIFT AXiISs

NUMBER D6-19860

ve BVMVEING oreanv REV LIR

(-%!"?— Cio + 1';: )u.? (“"ﬁé cLu+ %

18,787 _ . 18,494
(\6 43546 Bl+ ﬁ'm)m.(mae saee B2

-80

%

abps, = v 16T
('Lb.bb‘b ;-.soa)_ 00
(‘%S c"‘bu‘ )"’80
Dab. = (%CLQ“'“' = +.1866
ab - - .
* (‘%"r%c‘-a\n)_w
B=-c
abg * ( ms o = - &8
%'__c"*) -80
+ 813 ‘%"Tctxr
Susu“_m = c)::) ( ‘"= - WS ST
-(=)
Sab L Y Y Lt
bT.go (%‘_ CL k)
ab/-80
Sabg,, = S 5 Ls‘)m- -.196\
B Cuat ),
Paban Sabi e
Dab, = ...MUL.. Aou+ 2BEE & — | 5BL.Q
%;L'ATM..T. %3551' 8o %a'\ﬁ e

— J66510% BT, BRI oo — 736 B

SHEET AT
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ROLL TQUATIONS iR GAIN_ CMLCOLATIONS

Bug = Ty
(q&f T%C”Sw) 8o
_ . 4696 [-1959+(-00m)(218) = [-11a3+ (-.01836)(0909)
" - +06 + (=D1830) (.00?) |
-
S| - _a69% (-1955 -.000) — (-.\14% -.00161)
a9 +.06
4
L |
L . 4696 &-.gag'zb + 160, Z.09%6 4160 , 4084 . ng)
I 14
_ X (C.P iy 16 "")u.'r (CQ " I_;EC“P)-QO =+ 0716
%‘"P B (Cg, +Lmac - '
b0 Tep “Sﬂ)-eo
K (Cop+ 322 Co) = (Copr —z&cn,) -
B“’a z (c c - 2186
ﬁ&j"ﬁl "Su))

X (Qﬁsw .i C S') (uo com&\bwnm)

= = +763
o (CQS» Iucnﬁu))
- K (QQM-F %%CWJ‘; '(ao como.\m-non)_ o _ -
WHR (C! + Tie Cp ) I
6" Thy "o0) -0
CONT'D.
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NUMBER D6«19860
REV LR 4

K (\u CONTRABUTION )QE-.(C p& I;; C*Sr)..w
| 15
Cogr 750 o

g

R T MATRIY GAIN CALLOLATIONS

= -70%

) \((Qné* §: 5) ( Tor 5)-60

6&)' = = -.0%0%
]
(c!&f i%c"Su) -80
YAN LQLATIONS
1y
S¢. 2 K((‘.,b 1“ 1‘2&1( 6+ Ly Cu)'” =z + .29
s Cag, + 220y ) o
o T4y 2%r) g0
1xg 1
Orp = £ Ta "’)ln.Er.(\C"”'+ Tt )0 _ -.60
P (Cn + Ix Cy ) = -.60%
o Ty ter/-eq
Iu.
¢ . np. T ’k),. (Q"& Tix c'm) -80 _
re (C T = =.1610
K '57 Iu iﬁ)—eo
- K (('.,‘s i 11’.: CI;.) - \we mmmm\on)_“ o0
o =+ 1\
(C"Sr Tax C’Sr)-oo
CONT'D
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e BVMDEING orran v R 4
TRORTDY T MATRIY GRIN CALCULATIONS
K (cn S, - (uo CONTRBUTION
brse 8 I;xc l_}lc ) = + 530
("&‘* Ixx ’Sr)-oo
- K(\m c.emn.\\m\w) (Cn“ Thu 15‘,) % _ . ons
= =+,
bw (Q“Sr+fz:' !ﬁf) -80
K (Cop* 32 Cp) - (c,a i, ).
8 Thy ‘i l-'f( "3 1‘ $ -s0 = -=\\%\6

&r. =
8 (Cls + 1,,C’Isr)-so
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K‘:“ %nb ooe NARVABLE 80) %r
~18696 | +L62 | —.6841 | pq 8 +1391 |+ 2970
— | +2866 |-.1529 & 3 ~030% | - LIB6
— | -= | -6 Q P | +.0116| -.60%
- 16463 0 ~.042B AN Q -.2\86 | -.1610
+ 00 |-Tee0"| O KL | & |+ 62| +.0000
— |+ sows®| —— Nl o | 7 |+018
0 —_— | -a23 Dab by | *-OWL | +566
— |-l | +308| o 6 |-TS | —

Example : q.%? 3 How R0 “-‘-\\-wu\\ e,o\uA*"M o.",l\

- —
AV.q0| Bab | %o
+2\7 +42.1 -.63 e
-33 +. 01 -.007 [\Y)
+.25 | -310%a 68| AT
— | *v16® | anc?| BT g0
o —-.09 [+.36 Sg_

AT gp = 2T B0t — 33BN +.25 KTy, \

Bap = 2100t +.0T AV - 508° KT, oy,
P\ T 165K, —. 03 B

Ge = —.63 B —.0OT AN+l 6T, 1
+ 10107 AT g, +.38D

AT, 487
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NUMBER D6-19860
REV LIR

AMES LARGE TRANSPORT ~ LOWGITUDINAL

VOTENTIOMETER |\ ARinRLE; CALCULATED FROM

NO. [ SETT\WNG | T0
;3- OL | 60 |A44|+20h,, | SCAE FALTOR
G| 64| .\61© AAA| -D6 | —Be,, (1.05) = ~(=1%99x105 = 1619
S oes| ma® (a3 +0  [-Be (.05+%)=-(U6) DD = LD
T 66| uBa | As3| +stec |- b (10%) = -C6BAY 105 = B3
E. 67 | 1184 |AA3| + AN |- Depy (1:05:D)=- -.0838 «82% =230

o8| .®’00 AHA| 5B funchion &m_“ compensation

0| 12 | NAA| +Be | *Bege (1.05¢D) = 33462575 =\

T 1000 ALS +\0i'.\h° fonchion %es‘h’ compensation
73 .
G T 81T (MG | eanec | - AT (00D = -(186%) (001) < 1810
gl 13| a0 -.00ITGof + BTy (5) = .300+5 = \%0
Y T4 | 8138 + AN | -ATy (009) =-£16863)(.009) =. BT
g 16 0 ”08'-!'% —ATg,a\a(.ooofa): 0.0
Ol

- Goo

N0 | .69 AGL | -.00BAT o) + 2.‘?‘;0 2k (400)= ¢ —é:s:“d -
3- T BT a4t -o |+ B, ()= 28LL 1= SIBL
g 61| 166 |A4T|-005BT + bay, (2000) =(B.0AxI6Y(2x10) = .16OT
‘:' 32| .0lee |A4B|-o0WT,.' - a\,“ (\opoo)= -(=1662160009 = .0106
= B3 296® | AAT] + b Bobg, (o) = —(—2961)(10) = 296\

85| 2aa® | AaB| +SL |+ b,bw (@) = L =314

88| se® | AT * Q| =64, (10) =-E5810)(10) = B.8TL
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ARt 3 a”!l”c COMPANY

NUMBER D6-19860
REV LR

MNES LARGE TRANSPORT ~ LARTERAL

N‘;“ tggcmfg U’:m VARINBLE] CALCOLATED FROM
0G| .006\ [n8Z| -10B |-, (2)=--030S)(1) = 006\
\O1| .4400 [A8l| -R |=bu, () =-C.0)(2) = .43512
08| .35 [ABL| +.5P [+b,, (4) = 0176 x4 = D05
WU oo6er® | ast | - 28 [ +0,, (2)= L3201 x2 =.2082
NZ| 225 | ABL| = By |+ bug =.7623
4| .0%04 | ABL| + bg |+ bwg, (2)= .0T5L«7 = .0504
W5 [ 09432 | ABL| 4105y |~ Dug, (1) = -Cams)d - o0
W .005% | A8l | —10Be, | +ha, ()= 02« =.001D
B4 RO 51 ROLL CONTROL EFFECTINENESS
Ug | .0 [AB3|-10B | =By = -(-1.6) = 1LI1N6
13| .el0s® |[ABa| +5P | = or, (20)=-(.60%)k 20 = 12.19
\20| .16ID® |[A®3| - R | =%y, (10)=-(1610) #10 = L&D
U | sese [ ABA| -8B |+ B (D)7 292122 = 284
2| .ao%8® | aBa| +Be | —for, (10)-1d=-[5%6X0-10] =4.624
231 .00l ABD| +Duw |+ ®re (10) = .0091 x10 = .09}
\24| 1280 | A83| + by, |+ Org (0) = .02B 10 = 128
5 53660 | ABA| 0B e *b's& = 5366

SHEET A25
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NUMBER D6-19860

e BVMVEING crran REV LIR

POT. |SETTING POT. | SETTING POT. | SETTING

1 51 | .112k 101 | .u468

2 52 102 | .1843

3 53 | .2995 103 | .1841

L Sk 0.0 10k | .0184

5 55 .0150 105 | .1861

6 . 3333lo 56 2272 106 .0061

T .10003 57 | .063k 107 | .4372

8 .1000= 58 .8273 108 | .3105

9 .2740 59 | 5000, 109 | .8150

10 60 | .5300< 110 | .0500

11 61 | .18LS 111 | .556222

12 .800g 62 | .2620 112 | .15252 .
13 53050 63 | .695T 113 | .2660 (dial) D limit
1k .2961 64 1679, 114 | .0504 v
15 .T700 65 1135 115 | .054322 .
16 -18L5. 66 L7184 116 | .2660 {aial) & 1limit
17 .2961% 6T .2284 117 | .0050%2 v
18 68 | .1800 118 .1152218

19 69 119 | .6096

20 70 | .1757%0 120 | .1610%0

21 71 | .1000 121 | .58k2

22 .17742 12| 87T 122 | .k63u

23 .oshhm T3 .1500 123 | .0911

2k .2005 T4 .8238 12k .1280

25 .35L4s 75 .2500 125 | .5366

26 .8000 76 | 0.0

27 .1000 77 |+40V limit on AS52 (.255 dial)

28 .0347 78

29 2725, 79 | .5732

30 .0700= 80

31 .2700 81 | .1656

32 . 4000 82 | .0766,

33 .1191 83 | .296142

3k .0384 84 10

35 .5052 85 | .32uh=

% .0179 86 | .4150 (dial)D 1imit

37 .0150 87 | .3000 v

38 -bo76, 88 | .s822 ,

39 . 4000= 89 | .u1s50 (dia.l)&v limit

40 .0500 90 | .6970

k1 .1600 91 .0166

42 .070k 92 | .1627

3 .0128 93 | .4610

Lk .0575 9k | .1633

s . 7900 95 | .2263

46 L4679 96 | .9229

LT .0597 97 | .90u6

48 .0395 98 | .3252

k9 .0533 99 | .1875

50 0.0 100 3767 AMES LARGE TRANSPORT
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D&-19R860

LARGE TRANSPORT
WE\GH T : 500,000 LRSS DLYENDENT
C.G.LOCATION:  175E NARIABLES
ALTITUDE SEA LEVEL
ﬂn‘m = 46.4' P‘.DF
.1
5y Tag =15 210° SLUG FT? Qe D * VIS,100LB5
oA .29 x 10 — THRUST,g 114 TBT LRS
S Twe C MASS © 13528 SLUGES
ol B o 1
Z5 I,,. =45 »\0 SLUG FT
wl o0 Be Ixvg . 1
22| 14, 95 0° se FTe | gse - B SEC
= °
Z FLAP SETTING: LANDING CONFIG. 1 (s < 4,085 SECt
£7] ENGIND TIME CONSTANT @ | SEC g
Lg -
=0 GEAR : DOWN
>Z| a1
J o eolp/bie (TerotTLe)
E S = 5500 FTt MGD‘E;) ‘:.P;\‘;E_., _
r SHORT c. RAD / 4EC
o T:=WIHFT ERISD ?g T
3 b= 21 FY —
U Wy = 176
PHUGOID ?o : 4 RAD/S
= 139
SPEED= 1T KTS (1915 FI/SE0) WUy = 508 O,
2 Ctypim sovy * 2.1 DUTCH | wp= 419 =D/
> : aads | ROl |0
- STABILILER TRM RATE = 44 22 :%: - \as
J = 0.0 DEG.
ROLL T.C.| = 1.4 L
SPIRAL [T.C. =265  SEC
DINERG. | D.A =-183  SEC

AL
CALC. | aDANG- pu

freso S \ponwRLE STABILITY
MRPLANE DESCRIPTION

S - T T——

THE BOEING COMPANY PAGE

RENTON, WASH, A30

TD 1656-R3

A3O-/




CONTROL § STABILITY DERNATINES UNITS
Coram 4%
DRAG Cou .01 /RAD
T Coge ~-.06L /R\D
o Cyam %‘0"4
3] Cia 6.8 /RAD
2 LIFTY Ca -39 /RRD/ SEC
= Ciq 04D /RAD/ SEC
2 Clee 409 /RAD
5 Crma —2.ot 7R0D
Crnix - 599 /RRY/SEC
PITCH | ., ~2.3%1 /RMD/SELL
Crmge —-1.%6 /RAD
(SYTABILIZER) Cmgg — 0”45 /RMD
A Cyq ~.\19n% /R\D
Ciy —.00069 /RAD/SEC
ROLL Cap —. 24472 /RAD/SLC
Cig A% /RAD/SEC
o 0913 /RAD
Coen .00229 /RAD
) Crg 118 /RAD
7, Cop 0%6 /RND/ SEC
L
= VAW Cre .090% /RAD/SEC
= Cre —-.7883 /RND/ SR
J -—
Sl B I
8 PeR
Crg -.9773 /RMD
Co; —.014 /RNY/SEC
S1DE Coe .06 /RWD/ SR
FORCE Cye A10% /R /SEC
Cegr —.0%0 /RND
Cugn 464 /RND
i Cvy .94 /RAD

A3o.p.
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NUMBER D6-19860
REV LIR

APPERDIX B

AMES LARGE TRAKSPORT VARIATIORS

1.0 CALCULATIONS AND CORRESPONDING AUXILIARY CIRCUITS AND POTENTIOMETER

1.1

CHANGES .

LATERAL-DIRECTIONAL VARIATIONS

The lateral-Directional variations were all obtained by changing
potentiometer settings except for Configuratiom 1235 which employed
an auxiliary circuit. This circuit,shown below, enabled additional
inputs from Sy and P to be switched into Amplifiers 81 and 84.
Since the basic connections of & and P into Amplifiers 81 and 84
vere permanent, the auxiliary potentiometer settings vere calculated
to provide the difference necessary to make the required changes.

AUXILIARY CIRCUIT FOR CONFIGURATION 1235

"——ﬁ
1ol 2909
+Ow | 1 | .
i | ‘ 5
N Bl >—
+.5pP I
[ |°_T— %0
—_— I
~— = l
19 ;!

'll-@.b

| .

OF  QF

A4

—————
y
v

The details of the other changes necessary to implement the
lateral -Directional variations follow:

a) Maximum Wheel Command and Maximum Wheel Rate

These maximum values were obtained by elecrical limits on the
vheel command input circuit. The maximum values were set by

SHEFT B2




w SVMVEING . .. ..

NUMBER D6-19860
REV LTR

APPERDIX B (Continued)

a) changing the appropriate potentiometers (Pl13 and P116 for
maximum wheel rate and P86 and P8O for maximum wheel command )
to achieve the required voltage limit on the relevant ampli-
fiers. The folloving table illustrates these changes:
CORFIG.| REQUIRED ! CORRESPONDING | SETTING FOR | REQUIRED | CORRESPONDING | SETTING
SwMAX. | VOLTAGE LIMIT| POTS 113 & SywMAX. | VOLTAGE LIMIT| FOR
¥O. AMP #T5 116 AMP #26 POTS 86 &
' 89
1209
., BASIC |[37598EC.| 37.5V .266 (Dial) 75° 75V 415 (D1al)
1203 A [150* " 15.0 " Jd22 " 30° 30" 231 "
i 1207 A {150°* " | 15.0 " Jd22 " 30° 0" 231 "
1235 2w0 ” 25.0 " .20 " %O w LJ .30 "
1237 66. ” 6'6 ” .062 ” w. m ” .30 ”

b) Wheel Sensitivity

The changes in wheel sensitivity were obtained by changing the
value of the control derivative Cl for the A.L.T. configuration.

The new values were supplied by !!ASA personnel and implemented
in the simulation by recalculating the corresponding values of ﬁu‘w

It wvas also necessary to change the values of Sr“_,to maintain
Cn "o for the simulated airplane at O.

These nev values were obtained from the BLITZ Program and resulted
in the following A.L.T. Matrix Potentiometer settings:

CONFIG. REQUIRED | CORRESPONDING
Ce POT. SETTINGS
M. dw
P1l12 ] P 123
BASIC 0973 .1525 0911
1203A .1ks57 .2283 .1342
1207A .0912 .1429 .0857
1235 .0915 .1525 0911
.091# .0052%
1237 .0915 13k .086

# Auxiliary Potentiometer settings

TLoA%7.

SHEET B3
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APPENDIX B (Continued)

b) Wheel Sensitivity (Continued)

The auxiliary potentiometer settings are calculated as follows:
1) Swg, (Basic) = .7623

Swoel1235) = .TI69
difference = bug (1235) - Owgur(Basic) = -.0bSk.

The output scaling is 1§, and the input is 1bw.
The auxiliary potentiometer setting = .QLSk

.5
= .0908 into a gain of .5 on Amp A8lL.
11) SrSW(Ba:ic) = .0091
Srs'( 1235) = .0086
difference = brg  (1235) - Srsw(&sic) = -.0005.

The output scaling is 10 br and the input is 15w.
The auxiliary potentiometer setting = .0005 % 10 = .005

into a gain of 1 on Amp AS84.
¢) Roll Time Constant

The change in roll time constant was obtained by changing the
value of Cep and Cpp for Configuration 1235

Eataal® P i

The new value of C¢p was supplied by NASA and the corresponding
A.L.T. Matrix gain for Swp obtained from the BLITZ Program. This
nev value vas implemented in the simulation by means of the auxil-
iary circuit described previously which provided additional inputs
from P to amplifiers A81 and A84.

The new values of Sup and Srp were obtained from the BLITZ Program
and the auxiliary potentiometer settings calculated as follows:

1) Swp(Basic) = .07T6

80p(1235) = -2.000
difference = Sup(1235) - Swp (Basic) = -2.07T6.

The output scaling is 1§,, and the input is .SP.

Auxiliary potentiometer setting = 2.0776
9% H

[

SHEET Bk

a8, .




NUMBER D6-19860
e SVMVEING oon REV LR

APPERDIX B (Contimued)

c) Roll Time Constant (Continued)

i1) Srp(Btlic) = -.6096

Srp(1235) = -.6333
difference = &rp (1235) - S, (Basic) = -.0237.
The output scaling 1s 10 S+ and the input is .SP.

. « Auxiliary potentiometer setting « .0237 x 10

= 474 into a gain of 1 on Amp A8k.

SHEET BS

LRI L.
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| . APPENDIX B (Continued)

1.2 IONGITUDINAL VARIATIONS

The longitudinal variations were implemented with a combination of
basic potentiometer changes and auxiliary circuits. The variations
involved changes in the values of C., , S‘/Sco., ’C"‘SE , Cwmg s

and Cmg as shown in Table II, Page 5& )

The nev values for these derivatives were supplied by NASA and
implemented in the following manner:

a) Elevator to Column Gearing (SE/SCO.__)
The three values of &lsm simulated were 1.5, 3.0 and 4.5.

These changes involved a simvle gain change and, since the scaling
of Scou. vas .5 Sco.. , were obtained by setting potentiometer

P87 in the basic patching to .3000, .6000, and .9000, respec-
tively, into a gain of 10 on Amp ATL.

b) Lift Coefficient Due to Elevator (Cuse)
The values of CLgg; simulated were +.40, 0, and -.40.

The basic value of .40 resulted in an input of Se through
potentiometer P83 set at .2961 into a gain of 10 on Amp ALT.

The Cige of O was obtained by switching in an input from S¢
tbhrough an auxiliary potentiometer also set at .2961 into a

g@aln of 10 on Amp ALBS. This had the effect of cancelling out the
basic value.

- The Cige of -.40 was obtained by switching in an additional input
of $e¢ through another auxiliary potentiometer set at .2961 into
a gain of 10 on Amp ALS.

c) Elevator Pover (Cmse )

Two values of Cmgc vere simulated; -1.56 which was the basic
value, and -2.3.

The value of -2.3 was obtained by switching in an additonal
input of S¢ through an auxiliary potentiometer into Amp Akb
to make up the difference. The setting of the auxiliary poten-
tiometer wvas obtained as follows:

Se5c(Cmge = -1.56) = .3346 from BLITZ
Sase(Cmge = -2.3) = .4827 from BLITZ

difference = .4827 - .3346 = .1L81
Output scaling is 5.25%¢ and the inmput is B¢

Auxiliary potentiometer setting = .1481 x 5.25 « .7971
into a gain of 1 on Amp Ablk.

b
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APPENDIX B (Continued)

1.2 LONGITUDINAL VARIATIORS (Comtinued)

d) Pitching Moment Coefficient Due to Angle of Attack (Cmy )
Three values of Cmy were simulated; -2.C which was the basic
value, -4.0 and -0.5. The Cmy of -4.0 was obtained by switching
an additional input into Amp AlL3 through an auxiliary potentiometer
and the Cu.t of -0.5 by svitching an additiomal input into Amp
AlL through an auxiliary potentiometer. The auxiliary potentiometer
settings were calculated as follovs:

1) SeadCmyg = -2.0) « -.6842 from BLITZ
Seau(Cmo = -4.0) = -.2701 from BLITZ

difference = 2701 + .6842 = +.41k41
Output scaling is 5.25$5e and input is -5A&
A1kl x 5.25

z = .0435

Auxiliary potentiometer setting =
into a gain of 10 on Amp A43.

11) dean(Cmgy = -2.0) = -.6842 from BLITZ
SeadCmg = -0.5) = -1.0209 from BLITZ

difference = -1.0209 + .6842 = -3367
Output scaling is 5.25 8¢ and input is -SA

Auxiliary potentiometer setting = -3 67; 2-22 _ .035k4
into a gain of 10 on Amp Alk.

e) Pitching Moment Coefficient Due to Pitch Rate (CMQ )
Tvwo values of (mq vere simulated; -2.4 which was the basic
value, and -4.8

The Cmg of -L4.8 was obtained by switching an additional imput
from Q@ 1into Amp ALs through an auxiliary potentiometer.
The setting of this potentiometer was calculated from:

Seq (Cmq = -2.4) e -.2162 from BLITZ
3¢g(Cmg = -4.8) = .3015 from BLITZ

difference = .3015 + .2162 = .5187
Output scaling is 5.25S¢ and input is Q

‘. Auxiliary potentiometer setting = .5187 x 5.25 = .2718
into a gain of 10 on Amp Akk.

The following figures shov the two auxiliary circuits as they
vere set up to effect these changes:
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APPENDIX B (Continued)

2.0 BLITZ PROGRAM RESULTS

2.1

The following section contains the BLITZ Program results that were
used for the simulation and an explanation of the BLITZ sheets.

EXPLANATION OF BLITZ SHEETS

Each configuration has two BLITZ sheets. The first sheet contains
the primary inputs to the program and the results of the intermediate
calculations. Tables Bl and B2 give the correlation between the
symbols used in the text and the symbols used on the BLITZ sheets.

Since the BLITZ Program was designed to be versatile, the BLITZ
sheets contain many symbols vwhich are either not applicable or have
a numerical value of zero. These symbols have been caitted from
Tables Bl and B2. The second BLITZ sheet contains additional inputs
such as the scale factors of the variables and are self-explanatory
(e.g., KDA is the scale factor for AN ). It also contains a dupli-
cate list of the unscaled A.L.T. Matrix gains which are used as
inputs for the final set of calculations.

The last 1list on the second sheet contains the scaled A.L.T. Matrix
gains arranged opposite the potentiometer number which is used to
achieve this gain and the amplifier which it feeds (e.g., POLALL
means Potentiometer 64 feeding Amplifier L4L). I% should be noted
that the value given is the product of the potentiometer setting
and the input gain that is used for that particular input.

It should further be noted that the gaina of the inputs to Amplifier
81 were calculated for an output of 25w , whereas the computer
was actually mechanized for &, so the numbers used were half those
given on the BLITZ sheet.

All the numerical values are given in a base number m%tiplied by
10 raised to some pover (e.g., ;é.SOOOOOE 05 = 1.5 x 107 = 150,000.
or -7.4900000E-02 = -7.49 x 107 = -.07h9).

The first line on each sheet gives the date, reference axis (body
or stability), longitudinal configuration, lateral-directional con-
figuration and page number which is irrelevant for the purpose of
this document and can be ignored.

The following examples illustrate the interpretation of this informa-
tion:

Date - This is the date on which the BLITZ run wvas made (e.g.,
1.21065E O1 = 12/10/65).

AMESLT 1.200000E 00 is a code for the axis in which the calculation
is made (e.g., 1.100000E OO0 means body axis and 1.200000E O0 means
stability axis).

Ll &%
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APPENDIX B (Continued)

2.1

2.2

EXPLANATION OF BLITZ SHEETS (Continued)

* LORGAX 1.011000E 02 is a code for the longitudinal configuration
number. The first three digits correspond to the number and the
fourth digit is a numerical representation of a letter (e.g.,
1.01100E 02 means Configuration 10l1A and 1.232000E 02 means
Configuration 123B).

+ LADIAX 1.209000E 02 is a similar code for the lateral directional
configuration number (e.g., 1.209000E O3 means Configuration 1209
and 1.207100E O3 means Configuration 1207A).

BLITZ OUTPUT SHEETS FOR VARIATIONS SIMULATED

The following BLITZ output sheets contain values for both the longi-
tudinal and lateral-directional axes.

The sheets showing the lateral-direetional variations all have

the same longitudinal values (Long. 10lA) and the sheets showing the
longitudinal variations all have the same lateral-directional values
(Lat. 1209). On every sheet the values that vary from the basic are
underlined. Those longitudinal sheets that have two longitudinal
variations (e.g., 101A and 105A) are valid for both the variations,
the only difference between the two being the elevator to column
gearing 8¢ [$co. ¥Rich does not show up on the BRLITZ output.

— i
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TABLE Bl
SYMBOL | UNITS SYMBOLS IN BLITZ SYMBOL | UNITS SYMBOLS IN BLITZ
IN 367-60 |Simulated IN 367- Simulated
TEXT Alrplane|{ Airplane TEXT Airplanel Airplane
ng 1b. MG8 MGS Cegq /RAD CLB8 CLBS
X TRIM |
i \Body) | Degrees ATR8 ATRS Cej /RAD /SEC -- CLBDS
THRUST ~
TRIM 1b. TETRS | THTRS Cep /RAD/SEC | CLP8 CLPS
) Ixx | Slugs Ft2 | XX  |1Xxs Ceq /RAD/SEC | CLR8 | CLRS
b oIyy " IYY8  |IYYs Ces,, | /RAD CLDW8 --
Izz " 1228 ) YA/ Clg /RAD -- CLDWS
' Ixez " 1Xxz8 IXzs Ceg, /RAD CLDR8 --
QTRIM | 16/Ft° @RE | QRS Cega /RAD -- CLDRS
VTRIM | Ft/Sec VTR8 VTRS Cng_ /RAD CNBS CNBS
S Ft2 s8 Ss Cnd /RAD/SEC | CNBD8 | CNBDS
6 Ft B8 BS Cnp /RAD /SEC CKNP8 CNPS
[ Ft c8 cs Cne /RAD /SEC CNR8 CNRS
(pTRIM CDTR8  |CDTRS Cage, /RAD CNDW8 --

i Cpy /RAD CDA8 CDAS C g /RAD -- CNDWS
Coge | /RAD - |cooes Cag, | /RAD CNDR8 | --
CLTRIM ] CLTR8  |CLTRS Cage | /RAD -- CNDRS
Cia /RAD CLA8 CLAS Crg /RAD CYB8 CYBS
Cia /RAD /SEC -- CLADS Cvz /RAD /SEC -- CYBDS
Crq /RAD /SEC -- CLQS Cyp /RAD/SEC | CYP8 CYPS
Cige /RAD CLDES -- Cyg /RAD/SEC | CYR8 CYRS

Cuge /RAD e CLDES Cvg,, /RAD CYDW8
Crg,y /RAD CLDAB -- CYgw /RAD -- CYDWS
Cmg /RAD cMa8 CMAS Cys, /RAD CYDR8 --
Cmy /RAD/SEC | CMAD8  |CMADS Cvge | /RAD -- CYDRS
Cmav /FT /SEC cMDV8 --
Cmse /RAD CMDES -- TABLE Bl
Cmse /RAD - CMDES Key to Blitz Symbols
Cmiat /RAD CMDAB - (Inputs to Program)
Cmg /RAD/SEC | cMG8 CMQS
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TABLE B2
SYMBOL | UNITS SYMBOLS IN BLITZ SYMBOL SYMBOLS IN BLITZ
IN [ 387-80 [Simulated be | A L.T. MATRIX GAINS
L TEXT Airplane] Airplane TEXT (Unscaled)
. SINX SINA8 | SINAS 5¢Saly DEGDAB
CosX COSA8 | COSAS Swg DwEB
/4
Ixx SlgsR® | DXXP8 | Ixxps Swa DWEBD
Izz " 12zP8 | 12ZPS d0p Dwep
/

Ixz " IXZP8 | IXZPS Sor DWER
‘PSE/I" KPIT8 | KPITS Seag, DwEDWS
?‘5/"4 That KROL8 | KROLS bwrge DWEDRS

LN S“Sr DWEDRS
q-5b/ Tt KYAW8 | KYAWS brg DR8B
* Taa org DREBD

| S— KPITCH Srgy DRBDWS

KeoLL ~ KROLL Srse DRBDRS

Kyaw KYAW Srs., DREDWS

Xier KDLS

2 =
SYMBOL SYMBOLS IN BLITZ
IN A.L.T. MATRIX GAINS
TEXT (Unscaled)
| AT-s044 DTSDA
AT-‘OAV MBDV *
AT g ATaLT pT8DTS
Saba« DABDA
Sab g ¢ DABDES
RIS DABDTS
SabAT.go DABDTS
Sab 2 DABAD
dab g DABQ
Seax L DEBDA
| Sex DEBAD TABLE B 2
Sea DEBQ Key to Blitz Symbols
Se ay DESDV (Outputs from Program)
Sage DEGDES -
SHEET B19
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APPENDIX C - AIRPLANE ELECTRO-HYDRAULIC POWER CONTROL UNITS

The 367-80 airplane is equipped with electro-hydraulic power control
units on the following controls: Left hand elevator, right hand
elevator, spoilers, rudder, aileron, lateral control system (spoiler
drive PCU).

In addition, the thrust reversers are controlled by an electric servo
system which drives the reverser levers vhich in turn control the clam
shell hydraulic actuators.

During the -80 variable stability programs, the electro-hydraulic actuators
are utilized to accept signals from the airborne computer and drive the
-80 control surfaces to perform the dynamics of the simulated airplane.
For this we nave 5 degree of freedom control, the pitching equation by
elevator, the roll equation by wheel (lateral control), the drag equation
oy thrust reverser modulation, the yawing moment equation by rudder, and
the 1ift equation by spoilers. For each of the aforementioned systems,
this appendix contains a block diagram, transient response, frequency
response, the linearized transfer functions, surface rate limits, and
displacement limits. Also, the hysteresis of the lateral control system
is included.

In summarizing, the 367-80 is equipped with the electro-hydraulic actuators
on each controlled axes except thrust reversers, the dynamics of which are
very good and the frequency response entirely sufficient for use in a
variable stability control system.
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